Modulation of heparan sulfate biosynthesis. Effects of 6-diazo-5-oxo-L-norleucine and low glutamine on the synthesis of heparan sulfate proteoglycan by human colon carcinoma cells.
We have investigated the biosynthesis of heparan sulfate proteoglycan in human colon carcinoma cells cultured in either the absence of L-glutamine or the presence of 6-diazo-5-oxo-L-norleucine (DON), a glutamine analogue. Following a 24-h incubation with 100 micrograms/ml DON (0.58 mM) or without L-glutamine, the incorporation of [35S]sulfate was maximally inhibited to about 50%, whereas the incorporation of [3H]leucine or [3H]serine and their specific activity were not significantly affected. Several lines of evidence indicate that the inhibition of [35S]sulfate incorporation was mediated by a reduction in the intracellular pool of UDP-N-acetylhexosamine: the intracellular hexosamine levels were reduced by about 50%; taking into account the changes in specific activity, the incorporation of [3H]glucosamine was also significantly inhibited; and exogenous D-glucosamine (2.3 mM) was capable of substantially reversing the inhibitory effects of DON. This decrease in endogenous sugar supply resulted in the generation of an underglycosylated, lower buoyant density proteoglycan which contained significantly fewer heparan sulfate chains of otherwise normal size and sulfation and even fewer O-linked oligosaccharides. These biochemical changes were corroborated ultrastructurally by the appearance of smaller ruthenium red-stained proteoglycans on the surface of the cells. DON also caused a marked inhibition of cell proliferation and profound morphological changes, both of which were reversible upon culturing in DON-free medium. These results demonstrate that perturbations in glutamine metabolism have profound effects on the structure of heparan sulfate proteoglycan and on the phenotype of human colon carcinoma cells and indicate that DON treatment could be useful for studying post-translational modifications of proteoglycans in various cell systems.